LNCaP prostatic cancer cells are characterized by having a PTEN mutation, low levels of type 1 insulinlike growth factor receptor (IGF-IR) and no IRS-1, one of the major substrates of the IGF-IR. The absence of IRS-1, an activator of PI3-kinase, is compensated in these cells by the mutation in PTEN, an inhibitor of PI3-kinase. However, IGF-IR signaling in the absence of IRS-1 can cause cell dierentiation and growth arrest. We hypothesized that these three characteristics may not be unrelated, speci®cally that, together, they may favor the metastatic spread of prostatic cancer cells without decreasing their growth potential. In support of this hypothesis, we report here that: (1) IRS-1 expression increases cell adhesion and decreases cell motility; (2) over-expression of the IGF-IR, in the absence of IRS-1, causes growth arrest and (3) a combination of IGF-IR and IRS-1 restores the transformed phenotype of LNCaP cells. These ®ndings suggest a mechanism by which prostatic cancer cells can achieve metastatic potential without interfering with their growth potential.
Introduction
There is substantial evidence that the type 1 insulin-like growth factor receptor (IGF-IR) activated by its ligands plays an important role in the establishment and maintenance of the transformed phenotype. Downregulation of the IGF-IR by a variety of strategies results in massive apoptosis of tumor cells and inhibition of tumorigenesis in experimental animals . A role of the IGF system in human prostatic cancer has also been proposed on the basis of both experimental and clinical data (Angelloz-Nicoud and Binoux, 1995; Mantzoros et al., 1997; Huynh et al., 1998) . In vitro studies have demonstrated that prostate cancer cells express the IGF-IR, and respond with proliferation following IGF-I and/or IGF-II stimulation (Cohen et al., 1991; Reiss et al., 1998) . Conversely, peptide analogs of IGF-I inhibit proliferation of prostate cancer cell lines in culture (Pietrzkowski et al., 1993) . Antisense strategies against the IGF-IR suppressed tumor growth and prevented invasion of rat prostate cancer cells into the brain (Burfeind et al., 1996) .
Recently, clinical studies have indicated that elevated blood levels of IGF-I might correlate with increased risk of prostate cancer (Chan et al., 1998) . While there is no question that other growth factors are also involved, given a role of the IGF system in prostate cancer, it is reasonable to investigate the mechanism(s) by which the IGF-IR activated by its ligands contributes to the biology of human prostatic cancer.
LNCaP and DU145 cells are two prostatic cancer cell lines that originated from metastatic tumors. Both cell lines express the IGF-IR, albeit at a low level, approximately 7 ± 8610 3 receptors/cell . Peptide analogs to IGF-I inhibit their growth (Pietrzkowski et al., 1993) , and both cell lines respond to IGF-I with an increase in cell proliferation . In monolayer cultures, their requirement for IGF-I is modest, but it is clearly evident in conditions of anchorage-independent growth . This behavior is in agreement with several observations in the literature that the IGF-IR is not an absolute requirement for growth in monolayer cultures, but is crucial for anchorage-independent growth . In our laboratory, DU145 cells, but not LNCaP cells, can form tumors in nude mice .
LNCaP cells have a frame-shift mutation of PTEN, a tumor suppressor gene (also called MMAC1 or TEP1) identi®ed on human chromosome 10q23 (Li et al., 1997; Steck et al., 1997) . Wild type PTEN can block cells in the G/1 phase of the cell cycle Li and Sun, 1998) . PTEN could be related to the IGF axis in several ways: (1) PTEN is a phosphatase (Furnari et al., 1997; Myers et al., 1998) which inhibits the activity of PI3-kinase (Wu et al., 1998; Davies et al., 1999; Tamura et al., 1999) . PI3-kinase is strongly activated by the IGF-IR (reviews by Ogawa et al., 1998) ; (2) PTEN decreases cell adhesion and inhibits cell motility and invasion (see Discussion). IGF-I increases the attachment of cells to diverse substrata, increases cellto-cell adhesion and alters cell motility (Jones et al., 1996; Guvakova and Surmacz 1997; Valentinis et al., 1998a; Zheng and Clemmons 1998; Dunn et al., 1998 and (3) A possible connection between PTEN and the IGF system has already been suggested by Wick et al. (1999) , who found that IGF-I blocked the sensitization to CD95L-apoptosis by wild type PTE.
Because of the role of the IGF system in prostatic cancer we have investigated IGF-IR signaling in LNCaP cells, and its relationship to PTEN. Early in our studies, we found that LNCaP cells (but not normal prostatic cell lines) do not express IRS-1 (see Results). IRS-1 is one of the major substrates of the IGF-IR and a very strong activator of PI3-kinase (Myers et al., 1994) , the kinase that is inhibited by PTEN. We therefore formulated the hypothesis that these characteristics of LNCaP cells (low levels of IGF-IR, PTEN mutation and absence of IRS-1) may actually be related to each other, resulting in a phenotype that maintains disregulated growth, while at the same time favoring metastatic spread. Our reasoning was as follows. Since IGF-I increases cell adhesion, extinction of IRS-1 expression could favor metastatic spread, by decreasing cell adhesion and increasing cell motility. However, since IRS-1 is mitogenic (D'Ambrosio et al., 1995; , its extinction would result in a decrease in cell proliferation. This decrease would be obviated by a mutation in PTEN, which, through the disregulation of PI3-kinase, re-activates the Akt/PKB pathway. But a decrease in IGF-IR levels is also needed at this point, because high levels of IGF-IR in the absence of IRS-1, cause cell dierentiation (Valentinis et al., 1999b) . This hypothesis makes several predictions for LNCaP cells:
(1) ectopic expression of IRS-1 will increase cell adhesion and cell-to-cell aggregation; (2) IRS-1 expression ought to decrease cell motility; (3) wild type PTEN will decrease colony formation in soft agar, while PTEN plus IRS-1 will restore cloning eciency in soft agar; (4) Over-expression of the IGF-IR in parental LNCaP cells (without IRS-1) will cause growth arrest, as predicted by Valentinis et al. (1999b) and (5) A combination of IGF-IR and IRS-1 will restore anchorage independence and allow LNCaP cells to form tumors in nude mice. The aim of this paper is to test our hypothesis and to verify whether or not our predictions are correct.
Results

IGF-I receptor signaling in prostate cancer cells
One of the major substrates of the IGF-IR is the insulin receptor substrate-1, which strongly activates PI3-kinase (Myers et al., 1994) . Surprisingly, LNCaP cells have no IRS-1 (Figure 1a , lane 5), and DU145 cells have very low levels ( Figure 1a , lane 6). For a comparison, we give levels of IRS-1 in a 3T3-like cell line, R600 (lane 1) and three dierent cell lines derived from human prostate epithelium (Bright et al., 1997, lanes 2 ± 4). The normal epithelial prostate cell lines express substantial amounts of IRS-1, at least as much as R600 cells, while the two cell lines originating from metastatic prostate cancers have very low levels or none at all. Even overexposure could not demonstrate IRS-1 in LNCaP cells. In fact, no IRS-1 mRNA is detectable in LNCaP cells (not shown). This was quite surprising, since IRS-1 is strongly mitogenic (Valentinis et al., 1999b; and can induce transformation of cells in cultures (D'Ambrosio et al., 1995; Tanaka et al., 1996) . The IRS-1 gene is not deleted from these cells. When parental LNCaP cells were treated with 5-azacytidine for 7 days, the IRS-1 protein became again detectable (Figure 1b, lane 3) . Figure 1b , lane 1 gives again a Western blot for IRS-1 in parental LNCaP cells while lanes 2 and 4 ± 6 are four clones from LNCaP cells transfected with a plasmid expressing IRS-1. These clones express modest but detectable levels of IRS-1. Figure 1c gives the levels of IGF-IR in the same cell lines considered in Figure 1a . R600 cells (lane 1) are known to have 3610 4 IGF-IR/cell, so that the expression of IGF-IR in the prostate cell lines, whether normal prostate or metastatic prostate cancer, is very low. As already previously reported , the a subunit of the IGF-IR in LNCaP cells has a slightly dierent mobility in gels, apparently due to hypoglysosylation (see below).
With a frame-shift mutation in PTEN (Steck et al., 1997) , one would expect that Akt/PKB, immediately downstream from it, would be constitutively activated in LNCaP cells. Indeed, it has been reported to be constitutively activated (Carson et al., 1999; Davies et al., 1999; Tamura et al., 1999) , and we con®rm it in Figure 1d , lanes 1 and 2. In DU145, Akt/PKB is not activated when the cells are incubated in serum-free medium, but it becomes so, after stimulation with IGF-I ( Figure 1d, and lanes 3 and 4) .
Finally, we looked at PTEN expression ( Figure 1e ). PTEN is strongly expressed in R600 cells (lane 1), clearly detectable in the primary prostate cell lines (lanes 2 ± 4), absent, as expected, in LNCaP cells (lanes 5 and 6), and detectable again in LNCaP cells transfected with a PTEN expressing retroviral vector (lane 7).
Effect of IRS-1 on cell adhesion
IGF-I is known to promote cell adhesion, especially to laminin and collagen I (Dunn et al., 1998) , and also cell-to-cell adhesion (Guvakova and Surmacz 1997; Valentinis et al., 1998) . It also increases cell motility (Jones et al., 1996) and promotes invasion through collagen IV (Dunn et al., 1998) . Both the IGF-IR and IRS-1 interact with integrins , especially aV b3 (Vuori and Ruoslahti 1994; Jones et al., 1996; Brooks et al., 1997) . IRS-1 is also known to be activated, when cells are plated on appropriate substrates Zheng and Clemmons, 1998) . We therefore investigated whether the absence of IRS-1 could aect cell adhesion and motility (and, by extrapolation, invasion) in LNCaP cells. For this purpose, we compared the parental LNCaP cells with clones of LNCaP cells, in which expression of IRS-1 had been restored by stable transfection with a plasmid expressing the wild type mouse IRS-1 (D' Ambrosio et al., 1995) . The expression of IRS-1 in these cells is shown in Figure 1b , lanes 2 and 4 ± 6 (see above). We show four dierent clones of LNCaP cells expressing the transfected IRS-1 (lanes 2, 4 ± 6), but most of the subsequent experiments were carried out with the clones in lanes 2 and 6.
First, we tested cell adhesion, either in serum-free medium (SFM) or in IGF-1. The results are shown in Figure 2a . The statistical signi®cance of the results was tested in two ways. We compared cells in SFM to cells in IGF-I, and where the dierence is statistically signi®cant (50.05), the IGF-I column is marked with a single asterisk (*). We also compared parental LNCaP cells with LNCaP cells expressing IRS-1. Statistically signi®cant dierences are marked with two asterisks (**). In both the parental LNCaP cells and the LNCaP/IRS1 cells, the addition of IGF-I increases only cell adhesion to laminin. Ectopic expression of IRS-1 increases the adhesion of LNCaP cells to laminin, ®bronectin and collagen I, but not to collagen IV. It seems therefore that IRS-1 increases cell adhesion to ®bronectin and collagen I, independently of IGF-I. The presence of IRS-1 also increased cell adhesion to vitronectin (data not shown).
Effect of restoration of PTEN in LNCaP cells
As mentioned above, PTEN is mutated in LNCaP cells, and its role is particularly important in the context of these studies, because it regulates PI3-Kinase activity, which is one of the main functions of IRS-1 (see Introduction). We therefore investigated the eect of re-introduction of wild type PTEN in LNCaP cells, with or without the concomitant re-introduction of IRS-1. We obtained many clones when the cells were transfected with both IRS-1 and PTEN, but only very few when the cells were transfected with either IRS-1 or PTEN, singly. For instance, in one experiment, the empty vector for IRS-1 gave 341 clones and the empty vector for PTEN 392 clones. With IRS-1 only, we could obtain only seven clones, with PTEN only 17 clones, and with both IRS-1 and PTEN 261 clones.
The results of adhesion experiments with the cell lines we obtained are summarized in Figure 2b (the experiments were repeated several times). As expected (Tamura et al., 1998 (Tamura et al., , 1999 , the introduction of a wild type PTEN in LNCaP cells markedly reduced cell adhesion to laminin, ®bronectin and collagen I and also, to a lesser extent, to collagen IV. However, the eect of PTEN was much less evident in LNCaP/IRS-1 cells. Although PTEN consistently decreased cell adhesion of LNCaP/IRS-1 cells, the values were in general higher than in parental cells, except for collagen IV, that is not in¯uenced by IRS-1 (see above). Thus, ectopic expression of IRS-1 can counteract the inhibitory eect of wild type PTEN on cell adhesion.
Cell-to-cell aggregation
In preliminary experiments, we had observed that LNCaP cells expressing IRS-1 were forming in soft agar very large colonies (see below), indicative of increased cell-to-cell adhesion (see below). We tested cell-to-cell aggregation in cells seeded on polyHEMA plates, where LNCaP cells survive even in SFM (Reiss et al., 1999) . Figure 3 is a pictorial documentation of the eect of IRS-1 on cell-to-cell aggregation. LNCaP cells expressing IRS-1 formed on polyHEMA plates huge aggregates. The combined expression of PTEN and IRS-1 slightly decreased the size of the aggregates that were still considerably larger than in parental LNCaP cells. Effect of IRS-1 and PTEN on cell motility and PI3-kinase activity
The same cells were then tested for motility, which is usually increased by IGF-I (Jones et al., 1996; Dunn et al., 1998) . Figure 4a , shows that expression of IRS-1 in LNCaP cells causes a marked decrease in cell motility (almost 90% reduction), a decrease that is not reversed by PTEN. On the contrary, PTEN itself markedly decreases cell motility (Furnari et al., 1997) . In Figure  4b , we show PI3-kinase activity in the same cell lines, after stimulation with IGF-I (50 ng/ml). IGF-I causes a marked increase in PI3-kinase activity in LNCaP/IRS-1 cells, as expected. IRS-1, as mentioned above, is a strong activator of PI3-kinase. Parental LNCaP cells have a very modest increase, while expression of PTEN, as expected, inhibits PI3-kinase activity both in parental cells and in LNCaP/IRS-1 cells.
Effect of introduction of the IGF-IR in LNCaP cells
Levels of IGF-IR in LNCaP cells are very low . According to our hypothesis, a reduced level of IGF-IR compensates for the absence of IRS-1 expression, since high levels of IGF-IR, in the absence of IRS-1, lead to dierentiation (Valentinis et al., 1999b) 
Effect of IRS-1 on the growth of LNCaP cells in nude mice
As previously reported, parental LNCaP cells from our laboratory do not form tumors in mice . This is in agreement with similar reports, although LNCaP cells can be induced to form tumors in nude mice in combination with other agents (Gleave et al., 1992; Thalmann et al., 1994; Soos et al., 1997) . Both LNCaP and DU145 cells are sensitive to IGF-I (Pietrzkowski et al., 1993; Reiss et al., 1998) . In particular, LNCaP cells are sensitive to IGF-I stimulation by at least ®ve criteria. IGF-I stimulates their growth in monolayer , increases their survival in anchorage-independent conditions (Reiss et al., 1999) , decreases their sensitivity to the apoptotic eect of a dominant negative mutant of the IGF-IR , increases their attachment to laminin (this study) and induces PI3-kinase activation (if the cells also express IRS-1).
As mentioned in the Introduction, LNCaP cells have low levels of IGF-IR , and this study), and do not express IRS-1 (this study). They also have a frame-shift mutation of PTEN (Steck et al., 1997) , with its logical eects on the Akt/PKB signaling pathway (Wu et al., 1998; Carson et al., 1999 ) and the growth characteristics of these cells Wu et al., 1998) .
The absence of IRS-1 from LNCaP cells seems at ®rst sight to be trivial, since these cells have a constitutively activated Akt/PKB pathway, and therefore do not need IRS-1, which strongly activates this pathway (Myers et al., 1994) . However, IRS-1 is also mitogenic, can transform cells (D'Ambrosio et al., 1995; Tanaka et al., 1996) and, at least in principle, ought to increase the aggressiveness of cancer cells. Yet, in LNCaP cells the expression of the IRS-1 gene is extinguished, presumably by methylation, as the 5-azacytidine experiments of Figure 1 would tend to suggest.
A possible explanation for this paradox is to be found in the fact that the absence of IRS-1 causes the cells to be less ®rmly attached to a substratum and to each other, therefore more motile, all qualities that could favor metastatic spread. As mentioned in the Introduction, IGF-I is known to promote cell adhesion and cell-to-cell aggregation. Since IRS-1 is one of the major substrates of the insulin and IGF-I receptors, it makes sense that, in its absence, the cells have a diminished attachment to substrata, which can be corrected by the re-introduction into these cells of IRS-1. In agreement with the eect of IGF-I, ectopic expression of IRS-1 also ought to increase cell-to-cell adhesion. Indeed, when cell-to-cell aggregation was tested on polyHEMA plates, the results were dramatic, with IRS-1 expression causing the formation of huge masses of aggregated cells. The strong positive eect of IRS-1 on cell adhesion, incidentally, is compatible with the observation that PTEN inhibits spreading and focal adhesion (Tamura et al., 1998) , by interacting with FAK (Tamura et al., 1999) . PTEN actually inhibits invasion Tamura et al., 1998) . Since IRS-1 activates the PI3-kinase pathway, our results are also compatible with the ®nding by Feshchenko et al. (1999) that C-cbl (which is activated by PI3-kinase), facilitates spreading and adhesion of cells.
However, there is discrepancy between the eect of IGF-I and that of IRS-1 on cell motility. IGF-I increases both cell adhesion and motility (Jones et al., 1996; Dunn et al., 1998; Zheng and Clemmons, 1998) , whereas expression of IRS-1 in LNCaP cells increases cell adhesion but decreases cell motility. We have preliminary data that IGF-I does increase cell motility of parental LNCaP cells, but its eect is strongly counteracted by the ectopic expression of IRS-1. This divergence is puzzling. It suggests that IRS-1, in LNCaP cells, sends a signal that is not in agreement with IGF-I signaling. Our ®nding is also at variance with the results of Tamura et al. (1998) on PTEN that inhibits cell motility. We do not have an explanation for these discrepancies at this moment, except the obvious possibility that IGF-I may increase cell motility by other means than IRS-1 activation. However, it is not contradictory that IRS-1 should increase cell adhesion and decrease cell motility. Decreased adhesion can result in increased cell motility and anchorage-independence (Feshchenko et al., 1999) which could favor the escape of cells from the primary tumor and the establishment of metastases.
All the predictions based on our hypothesis have been veri®ed. It suggests that the IGF system may play an important role in the metastatic spread of prostate cancer, through the manipulation of its signaling, especially the IRS-1/PTEN pathway. It is compatible with the ®ndings of Plymate et al. (1997) that overexpression of the IGF-IR in certain prostatic cancer cells resulted in inhibition of metastatic spread. Our prediction is that those cells are devoid or have very low levels of IRS-1. Our results do con®rm that, in the absence of IRS-1, high levels of expression of the IGF-IR have an inhibitory eect, as already observed in 32D cells, which like LNCaP cells, do not express IRS-1. In 32D cells, high levels of expression of the IGF-IR result in dierentiation and eventually cell death (Valentinis et al., 1999b) . Ectopic expression of IRS-1 inhibits dierentiation and promotes rapid growth (Valentinis et al., 1999b; Peruzzi et al., 1999) . Indeed, the present experiments con®rm that the combined eect of the IGF-IR and IRS-1 is to increase the aggressiveness of cells, as demonstrated by colony formation in soft agar and tumor formation in nude mice. The ambiguity of the eect of the IGF-IR on cell growth seems therefore to depend on the availability of the immediate substrates.
An important corollary of our observations is that the IGF-IR levels should be decreased in the absence of IRS-1, but not abolished. The ®nding that the complete absence of the IGF-IR inhibits transformation (Sell et al., 1993) is not invalidated by the present results, since a dominant negative mutant of the IGF-IR still causes apoptosis of LNCaP cells . The picture that emerges is that the IGF-IR (even at low levels) is crucial for transformation, but that it requires IRS-1 for this function.
In conclusion, the present experiments suggest that IRS-1 promotes cell adhesion (even independently of IGF-I stimulation), therefore inhibiting escape of cells from the primary tumor. Increased attachment to a substratum or increased cell-to-cell adhesion reduces motility and, presumably, invasion. However, without IRS-1, IGF-IR levels must be decreased, to avoid terminal dierentiation (Valentinis et al., 1999b) . The lack of IRS-1, which is negative for tumor growth, is compensated in LNCaP cells by a PTEN mutation. Our ®ndings may explain the role of the IGF system in a model (prostate cancer cells) where other growth factors are also very important, and suggest the possibility of interfering with the metastatic spread of these cells by manipulating IGF-IR signaling. It also brings forward the important observation that the IGF-IR generally recognized as promoting malignant transformation, may, in the absence of IRS-1, actually have the opposite eect.
Materials and methods
Cells and cell cultures
Parental cell lines used are: DU145-human prostate carcinoma, metastasis to brain (ATCC HTB-81) and LNCaPhuman metastatic prostate adenocarcinoma (ATCC CRL-1740). Three cell lines derived from normal prostate epithelium (NPTX1532, NPTX1535, and NPTX1542) were previously characterized (Bright et al., 1997) .
DU145 cells were cultured in EMEM (GIBCO BRL, Grand Island, NY, USA) supplemented with 1% BEM vitamins, 50 U/ml penicillin, 50 mg/ml streptomycin (P/S), and 10% fetal bovine serum (FBS) (SIGMA, St. Louis, MO, USA). LNCaP cells were cultured in RPMI medium supplemented with P/S and 10% FBS. LNCaP cells stably transfected with mouse IRS-1 cDNA (LN/IRS-1) were generated by calcium phosphate transfection reagents (Profection Mammalian Transfection System; Promega, Madison, WI, USA) using the pCMV/IRS-1 plasmid (D'Ambrosio et al., 1995) . LNCaP cells expressing ectopic PTEN or IGF-IR cDNAs were generated by cell transduction with the pBP-PTEN-HA retroviral expression vector (Furnari et al., 1997) , and with the puromycin variant of pGR15 (pGR20) retroviral expression vector , respectively. Cells expressing both IRS-1 and PTEN (LN/IRS-1/PTEN), or IRS-1 and IGF-IR (LN/IRS-1/IGF-IR) were generated by transducing LN/IRS-1 cells with pBP-PTEN-HA and PGR20, respectively. LN/IRS-1 cells were selected with 1 mg/ml G418 (Sigma), LN/PTEN and LN/ IGF-IR with 2 mg/ml puromycin and LN/IRS/PTEN with a combination of these two antibiotics. To make cells quiescent, cultures were incubated in serum-free medium (SFM) [DMEM or RPMI supplemented with glutamine and 0.1% bovine serum albumin (SIGMA)]. Generally, cells become quiescent after 48 ± 72 h in SFM, which was renewed with fresh medium every 24 h. In some experiments quiescent cells were treated with IGF-I (50 ng/ml) for 15 min, to determine Akt phosphorylation, for 20 min to 1 h to determine cell adhesion, or for 24 h to evaluate cell motility.
Western blot and immunoprecipitation
These were carried out by standard procedures in our laboratory Valentinis et al., 1998) . The antibodies used were rabbit anti-IRS-1 (Upstate Biotechnology Inc., Lake Placid, NY, USA), rabbit anti-IGF-IRa (N-20 -Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and rabbit anti-PTEN (A2B1 -Santa Cruz). Binding of secondary anti-rabbit ± HRP conjugated antibody (Calbiochem, San Diego, CA, USA) was detected by ECL reagents (Amersham Pharmacia Biotech Inc. Piscataway, NJ, USA). Total and phosphorylated Akt/PKB levels were determined by PhosphoPlus Akt(Ser473) antibody Kit (New England BioLabs, Beverly, MA, USA), and ®nally, presence of ectopic PTEN in LNCaP transfectants was determined by mouse anti-HA antibody (clone 16B12; BabCO, Richmond, CA, USA).
5-azacytidine treatment
To inhibit DNA methylation, LNCaP cells were plated at 5610 4 cells/100 mm dish in the presence of 10% FBS. Twenty-four hours later, 5610 76 M of 5-azacytidine was added to sparse LNCaP cultures, and cells were incubated for an additional 7 days to reach con¯uence. The medium containing fresh 5-azacytidine was replaced every 48 h. At the end of the experiment, cells were lysed and probed with anti IRS-1 antibody (Transduction Laboratories).
Adhesion assay
The eects of IRS-1 and PTEN on cell adhesion to dierent extracellular matrix (ECM) proteins were evaluated accordingly to methodology previously described (Dunn et al., 1998) with some modi®cations. Brie¯y, cells were plated at 1610 5 on 35 mm dishes covered with collagen I, collagen IV, laminin, ®bronectin or vitronectin (Beckton Dickenson Labware, Franklin Lakes, NJ, USA). At dierent time points: 0, 20, 60, 120 min after plating,¯oating cells were quantitatively collected and counted in Hemocytometer. In parallel, cells that remained attached to the dish were trypsinized and also counted in Hemocytometer. Percentage of cell adhesion was calculated from the number of¯oating cells at time 0 and at the given time, and was additionally con®rmed by counting cells that remained attached to the substratum. Statistical analysis was carried out by the Student's t-test.
Aggregation assay
The protocol described in our previous work was followed (Valentinis et al., 1998 (Valentinis et al., , 1999a . Evaluation of size and number of aggregates was done under the inverted phasecontrast microscope.
Cell motility
Empty inserts containing PET membranes with 8 mm pores at 1610 5 pores/cm 2 (Bicoat Inserts, Becton-Dickinson) were employed to evaluate cell motility (Guvakova and Surmacz, 1997).
PI3-kinase assay
Quiescent monolayer cultures of parental and transduced LNCaP cells were stimulated with IGF-I (50 ng/ml) for 15 min, or were left untreated. 500 mg of total protein lysates were immunoprecipitated with anti-phosphotyrosine (PY20 ± Transduction Laboratories), and agarose-conjugated antimouse IgG (Sigma) antibodies. PI3-kinase activity associated with PY was determined according to previously described protocol (Valentinis et al., 1999a) .
Soft agar assay
Anchorage-independent growth of LNCaP cells was assayed as previously described . The number of colonies in three categories: 4125, 4500, and 41000 mm in diameter was determined under the microscope equipped with micrometric scale.
Subcutaneous growth in nude mice
The methodology previously described was followed . Male NIH Swiss nude mice were injected subcutaneously into the lower neck area with 3610 6 LNCaP cells in a 100 ml volume of Matrigel/RPMI mixture. Subcutaneous growth of parental LNCaP cells and LNCaP cells expressing IRS-1, PTEN and IGF-IR was evaluated on a weekly basis by measuring tumor diameter.
